Strangeness production in high multiplicity events gives indications on the transverse size fluctuactions in nucleus-nucleus (AA), proton-nucleus (pA) and proton-proton (pp) collisions. In particular the behavior of strange particle hadronization in "small" (pp, pA) and "large" (AA) initial configurations of the collision can be tested for the specific particle species, for different centralities and for large fluctuations of the transverse size in pA and pp by using the recent ALICE data. A universality of strange hadron production emerges by introducing a dynamical variable proportional to the initial parton density in the transverse plane.
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Introduction
Recent experimental results in pp and pPb collisions at the Large Hadron Collider energies show a strong similarity to those observed in AA collisions, where the formation of a Quark-Gluon Plasma (QGP) is expected. In particular, ALICE collaboration reported [1] the enhanced production of multi-strange hadrons in high energy, high multiplicity, pp events, previously observed in Pb − Pb collisions. These results, suggested on theoretical grounds in refs. [2, 3] , indicate that the final system created in "small" initial settings ,i.e. pp and pA, in high energy collisions is essentially the same as the one produced in "large" initial nucleus-nucleus configurations.
In this note, we show that a universal behavior of strangeness production in small and large systems emerges by introducing a specific dynamical variable, which takes into account the transverse size of the initial configuration and its fluctuactions in high multiplicity events.
The starting point is the study of hadron production in high energy collisions by the statistical hadronization model (SHM): the relative hadron multiplicities are obtained by considering an ideal gas of hadrons and resonances at a temperature T and baryonchemical potential µ [4, 5] . However, the SHM overpredicts the strange hadron production in e + e − , pp collisions up to RHIC energy and in nuclear collisions up to SPS energy. Therefore an ad hoc parameter 0 < γ s ≤ 1 has been introduced [6] in such a way that the production of a hadron with n strange quarks/antiquarks is suppressed by a factor γ n s . In nuclear collisions at high energy γ s = 1 and, in this sense, such collisions show a strangeness enhancement with respect to elementary (pp, pA,e + e − ) ones, where up to RHIC energy, γ s is less than unity.
In Fig.1 the behavior of γ s as function of the collision energy √ s in pp, pPb and heavy ion (Pb − Pb, Au − Au, Cu −Cu) collisions is depicted [8] . The strangeness suppression factor γ s as function of the initial entropy density for the same points in Fig.1 . The yellow points are for Cu − Cu at different centrality , see [3] .
The curves in Fig.1 are interpolating fits, given in [8] :
for AA and
for pp, with a A = 0.606, a p = 0.5595, b A = 0.0209, b p = 0.0242. In the next sections we shall show explicitely that a universal behavior of strangeness production can be derived if one takes into account not only the energy but also the transverse size of the colliding system.
Universality of strangeness production
In the 1D Bjorken hydrodynamical model [9] the initial entropy density of the collisions, s 0 , at the termalization time τ 0 , is given by
where x indicates pp, pA, AA, R is the system radius, N ch the charge multiplicity and y the rapididity. On the other hand the behavior of dN ch /dy as a function of √ s is known for different targets and it is given by [10] (N part is the number of partecipants) 3) one can eliminate s to obtain the suppression factor γ s as a function of the initial entropy density. The result is shown in Fig.2 : all the points in Fig.1 are now on a universal curve and any difference among pp, pA, AA has disappeared [11] . Fig.2 has been obtained by considering τ 0 ≃ 1 fm and the following transverse radii (associated with the average multiplicity): R A = 1.25A 1/3 fm for nuclei, R p = 0.8 fm for proton and R T = R p (0.5N part ) 1/3 for pA system, withN part ≃ 8 [12] for pPb. The entropy density, s 0 , is directly related with the saturation scale in the Color Glass Condensate (CGC) model [13] , Q 2 s ≃ (dN/dy)/A T (A T being the transverse area) and, indeed, a plot of γ s as a function of Q 2 s gives a universal curve similar to Fig.2 . More generally, the universal behavior emerges if a dynamical variable proportional to the parton density in the transverse plane is considered. In the next section we shall verify the universal behavior by comparison with ALICE data on multi-strange hadron production in high multiplicity events.
Strangeness production and size fluctuactions
The description of hadron final states in pp at high energy and mutiplicity requires a more refined analysis of the transverse area in the collisions. Indeed, the previous values of the transverse radii refer to average multiplicities but large fluctuactions of the transverse size are obtained, for example, in the (CGC) [14] and are crucial to reproduce the experimental data at high multiplicity.
For nucleus-nucleus collisions we take into account the fluctuactions of the transverse area by a rather standard approach, i.e. the Glauber Montecarlo calculations in ref. [15] ; however, for pp and pA one needs a specific model. Theoretical and phenomenological analyses carried out in The relation between transverse area and multiplicity obtained in refs. [14] the CGC model give, for pp and pA, the relation between the transverse area and the multiplicity reported in Fig.3 [14] . By using these numerical results and repeating the analysis of Sec.2, one gets that the data for multi-strange hadron production for AA and for pp and pA at high multiplicity stay on universal curves, for different species, as shown in Fig.4 . In Fig.5 we show the comparison of ALICE data for different species with the corresponding γ n s suppression factor. In conclusion the strangenesss production in AA, pp and pA in high energy collisions suggests a universal behavior which emerges by taking into account the transverse size of the systems and its fluctuactions in high multiplicity events. However, in events with large fluctuactions of the gluon field in the initial configuration the transverse size of small systems is model dependent [16] and therefore a more complete analysis, which takes into account ALICE data at higher energy [17] , is in progress. 
